BACKGROUND: Mechanical insufflation-exsufflation (MI-E) is increasingly used in the home management of children with neuromuscular disease. Research to date has focused on the effect of MI-E on physical health. The aim of this study was to qualitatively investigate the impact of home MI-E on the child and family's lifestyle. METHODS: Eight parents and 3 children participated in semistructured interviews. RESULTS: Five themes emerged from parent interviews demonstrating: (1) lifestyle implications, (2) parents becoming experts, (3) parents developing a sense of control over their child's condition, (4) an element of extra care, and (5) impacts on the parent-child relationship. Developing themes from the child interviews showed them adjusting to and then relying on the device. Home MI-E medicalized the home, but the overall lifestyle impact was positive. CONCLUSIONS: Although involving a small number of subjects, this study demonstrated a mixture of opposing impacts of home MI-E on lifestyle, both enabling and disabling, which need to be considered when introducing home MI-E. The positive impacts included greater ability to manage the child's health, including avoidance of hospital admissions. Negative impacts were greatest for those parents who were sole operators of the device, including a frequently disrupted lifestyle.
Introduction
Spinal muscular atrophy types 1 and 2 and Duchenne muscular dystrophy are progressive, life-limiting neuromuscular diseases that present in early childhood. Although highly variable in their presentation, these conditions have a debilitating and dramatic impact on a child's health and lifestyle over time and result in premature death during childhood or early adult years, usually due to respiratory failure. 1 As health deteriorates, increasing medical interventions and technologies (eg, noninvasive ventilation, mechanical insufflation-exsufflation (MI-E) and enteral feeding) are introduced into the child's ongoing care at home. MI-E is used when respiratory muscle weakness results in an ineffective cough and impaired secretion clearance. It involves the application of cycling positive and negative pressure to the airway, facilitating an effective cough and adequate secretion clearance. Studies examining its home-based clinical effectiveness demonstrate that it is safe and well tolerated [2] [3] [4] ; creates an increased peak cough flow 2, [5] [6] [7] [8] ; results in reduced hospital stay 9 ; and when used as part of a wider home management protocol involving other therapies, such as noninvasive ventilation, achieves reduced rates of pneumonia and hospital stay. 5, 6, 10, 11 However, there have been comparatively few studies examining the broader impact of home-based MI-E on children and their families. In a previous pilot study, 9 parents reported positive impacts of MI-E, including being able to manage respiratory exacerbations without hospital admission, but also negative lifestyle impacts, such as feeling increasingly housebound. The International Classification of Functioning, Disability and Health model 12 and concepts of family-centered care are 2 health-care models that remind clinicians to consider the wide-ranging impacts of a condition on not only body functions and structure but also on activities, participation, a child's environment, and personal family circumstances. In the pediatric health setting, MI-E as an example of a new technology in home care raises the need to consider the impact not only on a child's physical health but also on broader aspects of lifestyle and the family's well-being. 13, 14 SEE THE RELATED EDITORIAL ON PAGE 1081 In this study, we sought to broaden the research on MI-E from a clinical focus to include an examination of the lived experience of children with spinal muscular atrophy and Duchenne muscular dystrophy and their families who have transitioned to using MI-E in the home.
Methods
Qualitative research methodology and phenomenology were used to examine the nature of MI-E use, enabling an in-depth exploration of subjects' experiences, including documenting their responses and perspectives in their own words. Phenomenology provides a theoretical frame to focus on how individuals exposed to a certain phenomenon (home MI-E), understand and describe their specific experience. 15, 16 Rather than objectively measuring and controlling their experiences, phenomenology examines what is perceived by the individuals, acknowledging that there may be a variety of perspectives and interpretations. It takes into account the relationship between an individual's consciousness and the phenomenon, 17 recognizing how the different experiences of each individual contributes to a reality that is based on multiple perspectives. 18 A phenomenological approach evaluates the body as lived by the patient, where illness is experienced from within and affects all aspects of life. This perspective is vital for healthcare practitioners so that they may seek to understand the wider impact of illness (and treatment) on patients' and families' lives. 17 In this study, the phenomenological approach allowed us to investigate the impact of home MI-E not as a separate therapeutic entity but rather within the setting of the subjects' illness and lives. Information gained from each individual was analyzed and compared across subjects, allowing the development of themes that described the essence of the overall experience. 15 The interviews were semistructured with questions based around 6 broad areas of questioning: (1) usage, (2) initial thoughts and reactions, (3) current thoughts, (4) impact on lifestyle, (5) impact of technology within the home, and (6) advice for the future.
Questions were mostly openended, so the interviewer and interviewee could deviate from the line of questioning to explore a specific area in more detail, allowing conversation to develop in the areas most important to them. 19, 20 Subjects were drawn from a single tertiary pediatric hospital in Australia and formed 2 groups: parents and children. Inclusion criteria for the parents were: (1) child had a confirmed diagnosis of Duchenne muscular dystrophy or spinal muscular atrophy, and (2) child had commenced home MI-E on an ongoing basis within the previous 10 y. Exclusion criteria were: (1) child was 18 y or older at the time of MI-E commencement, or (2) child had been using MI-E at home on an ongoing basis for Ͻ 6 months. Inclusion and exclusion criteria were the same for the children with the addition of one inclusion criterion: that the child was 10 y or older at the time of the study.
Ethics committee approval was obtained from The Royal Children's Hospital in Melbourne, Australia. All eligible subjects were contacted by the primary investigator. The primary investigator was a physiotherapist known to the potential subjects. To reduce any potential bias or reluctance to speak freely during interviews, the difference between the investigator's role as a clinician and as a researcher was explained to subjects. Informed consent was obtained from all parents and from both a parent and the child for children. The sample size was not predetermined
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Current knowledge
Noninvasive ventilation and mechanical insufflationexsufflation (MI-E) are common treatments in the care of pediatric neuromuscular disease to improve cough and facilitate secretion clearance. These treatments appear to be safe and well tolerated. Combined with a comprehensive home management program, these therapies assist in reducing hospital admissions and pneumonia rates.
What this paper contributes to our knowledge
In a small number of subjects, this study demonstrated opposing impacts of home MI-E on lifestyle, both enabling and disabling, which need to be considered before implementation. The positive impacts included greater ability to manage the child's health, including avoidance of hospital admissions. Negative impacts were greatest for those parents who were sole operators of the device and included a frequently disrupted lifestyle. to achieve a certain degree of statistical power. Instead, it was purposeful and flexible with the aim of seeking subjects who had used home MI-E and could therefore provide their views and perspectives about its impact on their lives. All eligible subjects were approached to maximize subject numbers with the aim being to achieve data saturation. Data saturation was determined to have been reached when there were few new data being obtained from subsequent interviews. 16 Following recruitment and consent, a mutually convenient time and location were arranged for the interview. Interviews were performed at the hospital, at the subject's home, or via telephone. Parent interviews took ϳ20 min, and child interviews took ϳ10 min. Interviews were audiorecorded and transcribed.
Interview transcripts (using pseudonyms for subjects and family members) were reviewed separately by 2 investigators and thematically analyzed in a process similar to that outlined by Burnard et al. 21 First, key statements within each transcript were highlighted and labeled with a descriptive category. The highlighted sections from all transcripts were then collated, and similar categories were grouped together. These groups were labeled with an overall theme. Example quotes are included in the results section to demonstrate themes; these quotes are included verbatim apart from removal of filler words (eg, um and like) and repetitive words. Parent and child transcripts were analyzed separately. Data saturation was used to determine the sample size for parents. Five themes emerged, and interviews were stopped after no new themes arose. 16 The children's sample size was determined by the number of children available during the time period of the study.
Results
Interviews were performed with 8 parents (5 mothers) of a total of 14 eligible parents, representing 7 of 8 eligible families. Three children (2 male) of a total of 4 eligible children were also interviewed. All subjects used the CoughAssist CA-3200 device (Philips Respironics, Murrysville, Pennsylvania) via a face mask. Of the 7 family units who participated in interviews, 5 used MI-E at least once or twice daily when well, with increased usage when unwell. The other 2 families used MI-E only when the child was unwell. Further subject details are provided in Table 1 .
When MI-E was first introduced to the child's home care, parents were instructed in its use by a physiotherapist in at least 2 structured education sessions, including practical experience using MI-E with their child. For those families who also had caregiver support, these caregivers were also trained in using MI-E in the same way as the parents if parental consent was given.
Parent Interviews
The parent interviews and thematic analysis resulted in the identification of 5 themes: (1) control, (2) becoming an expert, (3) extra care, (4) parent-child relationship, and (5) lifestyle. The quotes below provide representative examples of these themes.
Parent Interview Theme 1: Control. The introduction of home MI-E both increased control and highlighted areas in which there was a lack of control. For some parents, there was a lack of control or choice regarding the decision to begin home MI-E due to a lack of choice given by health professionals, a sense that the machine was needed for safety reasons, or a sense of obligation to do all they could for their child. Having MI-E in the home was also seen by some parents as a sign of disease progression, highlighting their overall lack of control over their child's disease.
In contrast to this, parents talked mostly of the increased sense of control that home MI-E gave them by enabling them to improve their child's health, better handle periods of illness, or avoid hospital presentations or admissions by being able to provide required treatments at home. Parents In some cases, parents needed to control the use of the device and not let others use it.
Because a couple of times when we were starting to use it, it was turned up a bit too high, or things were done a bit different, the breaths and stuff like that. I know how to use that now, but someone else might not see the signs of when she's asking to take it off or stop or whatever. (Mother) Parent Interview Theme 2: Becoming an Expert. The process of using MI-E took parents on a journey, moving from novice to expert. Parents reported initially being positive about the concept of home MI-E; however, despite this positive approach, they were initially daunted, confused, or concerned when they started using the device. Over time and with increasing knowledge, parents became used to and comfortable using MI-E. With further use, parents moved from seeing themselves as just competent to seeing themselves as experts.
And back in those days, 4 years ago, I was a complete novice. Now I'm a professional specialist . . . I consider myself a specialist. (Mother) This development of ultimate expertise and comfort in using MI-E led parents to encourage others in similar situations to persist with using it through the difficult early stages. Most of the parents interviewed had a similar length of time using home MI-E (3-4 y). Those parents with a shorter period of home MI-E use (Ͻ 3 y) tended to talk less of their expertise in using MI-E and more of the learning process. Parent Interview Theme 3: Extra Care. Home MI-E introduced an extra component to a child's care. For many parents, the extra care of using MI-E made respiratory treatment easier and quicker and was not seen as significantly difficult or burdensome compared with other aspects of their child's overall care.
Oh, well that's [using MI-E] insignificant. As in it's more of a pain to get him dressed or get him in the wheelchair, you just, well do anything like that so . . . However, for some families, the addition of home MI-E was a significant addition to their child's care requirements, particularly when parents were sole operators of the device without support of other caregivers.
Because there have been times where the machine was at home and he needed to cough at school, and they've rung me up and I've had to race home to try and give it to him. (Father) Parent Interview Theme 4: Parent-Child Relationship. Home MI-E was generally not seen by parents as changing their relationship with their child. Compared with the other care tasks they performed for their child, MI-E was usually one of the less difficult or intrusive tasks. Some parents merged their role of parent and caregiver with no delineation, whereas others fought to maintain a distinction between these roles. We've just got to keep it different, so that we make it more fun . . . it's like, we're not dressed up with stethoscopes and syringes . . . It's you know, more fun, we're her parents. (Mother) Parent Interview Theme 5: Lifestyle. This final theme drew together the previous 4 themes. One negative lifestyle impact reported was the disruption of parental lifestyle when they were sole operators of the device, resulting in them often being called back urgently to use the device.
It's sort of difficult in a way because me and Rick are the only ones who know how to operate it, so if there's a carer there, I have to do it before I go, or if she needs to use it or something, they have to ring me for me to come back from wherever I am. On the other hand, having MI-E at their disposal facilitated travel and outings.
Tristan went away. The school camp was for a week, he wasn't going to go, but I took the day off work to take him down to the camp . . . that [MI-E device] was the one piece of equipment that came with us . . . Just the thought that if we went to the hospital, if they might not have one, obviously ambulances when they turn up don't have them. But the mere fact that I've got it, I'm happy to take him wherever. (Father) It also allowed hospitalizations to be avoided, resulting in reduced family disruption. Home MI-E was easily incorporated into the family lifestyle in the same way that other changes as a result of the child's disease had also been incorporated. No 
Child Interviews
Although data saturation was not reached, thematic analysis of the child interviews resulted in the emergence of 4 related themes: (1) lifestyle, (2) adjusting to therapy, (3) medicalization of the home, and (4) reliance on the device.
Child Interview Theme 1: Lifestyle. With reference to the overall theme of lifestyle, the children expressed positive effects of home MI-E in that it improved their health and made them feel better. It also helped them avoid other treatments that they did not want.
Well, doesn't it mean that if I [didn't have home MI-E], you have to have tracheostomies and stuff. (18-y-old boy)
When asked about the impact that home MI-E had on their family's lifestyle, the children recognized that it made it easier for their parents to care for them and that it had positive effects.
Mainly all my brothers and that's because it means I don't have to come to hospital so they don't have to miss out on stuff because I have to come into the hospital. (16-y-old girl) The only negative aspect of home MI-E mentioned by the children was the bulky nature of the device and the noise. The following themes demonstrate a progression from adjusting to therapy (theme 2) to accepting it as part of their medical treatment in their home (theme 3) and finally to relying on it (theme 4).
Child Interview Theme 2: Adjusting to Therapy. Children described how they were initially fearful of MI-E, not knowing what it would feel like. Once they started using MI-E, the children initially did not like it, but after using the device a few times, they got used to it and did not mind using it. An additional stage of adjusting to therapy for these children was learning when they needed to use it, and for those who used multiple medical devices (eg, noninvasive ventilation and MI-E), they had to learn the different indications for each.
Child Interview Theme 3: Medicalization of the Home.
The children already had other medical devices in their homes when home MI-E was introduced, so the impact was not necessarily novel. The device was usually kept in the child's bedroom. Although the children stated that they did not mind this, one girl expressed a desire to personalize the machine to suit her room.
It's not really a bad thing, it's just that color, it only comes in one color . . . I'd like purple. One of my friends that has it, she wants a pink one, and it only comes in like a bluey gray color . . . Because if you have to use it and it has to be in your room, you want one that will suit everything else in your room . . . yeah, if it's yours, you could personalize it and put what you want on it. (16-y-old girl)
Child Interview Theme 4: Reliance on the Device. There was a degree of reliance on MI-E for these children. When they needed to use the machine, the need was often urgent. They were also reliant on someone to operate the machine. This posed difficulties if there was no one around that was trained to use the device.
Discussion
This study represents the first qualitative investigation of the impact of home MI-E on children with neuromuscular disease. Parents and children reported both positive and negative impacts. Positive effects included better clinical health management of the children's respiratory care and broader lifestyle effects, such as reduced hospitalization, leading to less lifestyle disruption and increased ability to participate in activities. These findings are consistent with our previous pilot study, 9 in which some parents reported positive impacts, such as being able to manage respiratory exacerbations without hospital admission, but some parents reported negative lifestyle impacts, such as feeling increasingly housebound.
Both the children and their parents went through a process of adjustment to using MI-E at home. For parents, the transition involved moving from novice to expert, with expertise being acknowledged after at least 3 y of use. Transitions from parent to expert caregiver have been similarly discussed in studies of home mechanical ventilation of children, in which parents reported a gradual process of learning, resulting ultimately in having greater knowledge than support staff. 22, 23 Recognition of this expertise has been shown to be important in the health professional-parent relationship. 24, 25 The children in this study reported relatively quick adjustment to using MI-E. This is not uncommon in children with chronic medical conditions, who approach living with medical technology differently from adults 26 and already have relatively high levels of knowledge and comfort with medical technologies due to previous periods of illness and hospitalizations. 27 Home MI-E represents an example of moving technology and care into the home setting. Other studies have described examples of home-care technology as a paradox between enabling and disabling. 26, 28 In this study, the majority of parents reported minimal negative impacts on the home. One explanation for the mostly positive reports is the already significant care needs of these children, so parents may not separate the impact of a particular treatment or technology from the overall impact of their child's progressive condition. 29 A further explanation for the parents' positive evaluation of MI-E in this study relates to the parents' experience of greater control over their child's health. 30 This small increase in control was reported as very important to participating parents, as they felt they could do something for their child. The concept of empowerment in caregivers has been recognized as particularly important when a child has a progressive condition over which there is very little control. 30, 31 Negative impacts included a lack of choice in shifting to home MI-E treatment. In other studies, parents similarly expressed concern about the lack of choice in considering life-support technologies (eg, ventilatory support) due to the consequences of not beginning ventilation 32 and the potential quality-of-life benefits for the child. 22 A second negative impact was a sense of loss or grief with the introduction of a new piece of equipment, marking a decline in their child's illness journey. Mah et al 22 similarly discussed the effect of losing hope and a renewed sense of loss, with each new treatment strategy or piece of equipment representing a sign of further deterioration.
Although giving more control to parents, home MI-E introduced extra duties in the care of their child, and these were more pronounced when parents were or actively chose to be the sole operators of the device without the support of other caregivers. One explanation for opting to be the sole operator of the machine is the belief that it represents competent caregiving. 33 To introduce others to the machine may result in mistakes, so another motivation may be to protect the child. For health professionals, this may mean that teaching others to operate the device before parents achieve expert status may result in less resistance from the parents. Having sufficient caregivers trained in using the device is important, as the child is reliant on them to operate the device, placing them in stressful situations if that person is not available.
Several recommendations for health professionals who are involved in introducing and supporting families when transitioning to home-based treatment technology have resulted from this study ( Table 2) . They relate to core concepts of family-centered practice 14 as it applies to homebased MI-E. The recommendations highlight an important role for health professionals in preparing parents for the possible impact of MI-E and provide strategies to enhance the therapeutic alliance and relationship between hospitalbased staff and parents.
There were several limitations to this study. The first was the relatively small number of subjects, particularly child subjects. Although unintentional, the parents interviewed identified themselves as the primary operator of MI-E with their child. The exception was one family in which MI-E operation was evenly shared between parents, both of whom were interviewed. This meant that the impact of home MI-E on those not as involved in its use was not investigated and they may have had a different experience. The majority of parent subjects were mothers, a not uncommon finding in studies of caring for children with chronic health needs. 34 Several mothers actively discouraged the researcher from recruiting their partner, stating "he won't be able to add anything else." These mothers all reported being the primary operator of MI-E; therefore, they may have felt that their partners did not have sufficient expertise in using MI-E to participate in the interview. Finally, the responses of the subjects may also have been influenced by the interviewer being a physiotherapist previously involved in the child's care. Efforts were made to limit this impact by explaining the role of the interviewer as a researcher, not a clinician at that time, but the subjects may still have been reluctant to make negative comments. 19 The main strength of this study lies in the fact that it is the first investigation of the qualitative impact of home MI-E on children with neuromuscular disease. The use of qualitative methods was also a strength, as it allowed parents and children to describe the experience in their own words.
Future research in this area would benefit from a prospective design to reduce the impact of recall bias and enable the addition of quantitative quality-of-life measures before and following MI-E introduction. Future studies with larger subject numbers, particularly child subjects, would allow a greater depth of understanding of the issues faced. Larger subject numbers would also allow separate analysis and comparison of experiences between subjects based on background (eg, cultural or ethnic), age of child, or disease (with related impact on age of clinical deterioration). Multiple interviews, rather than a single interview with each subject, may allow greater exploration with time for reflection between interviews. This may be particularly beneficial for interviews with children so that they can take time to get used to the research process and develop rapport with the researcher. In future research, it would be important to obtain the opinions of siblings and non-primary caregivers. There may also be benefits gained through future research involving an observational aspect, so researchers can observe the use of MI-E in everyday family life. This may allow researchers to note some of the impacts that families have accepted as part of their lives and may not think of bringing up in an interview, as well as involvement of non-primary caregivers, who would be less likely to participate in an interview.
Conclusions
In summary, the transition to home MI-E was perceived positively by parents and children. Parents appreciated achieving expert status in MI-E use, and both parents and children appreciated the health benefits that improved lifestyle. This study has proposed a number of practical strategies, including early introduction of nonrelated caregivers operating the device, discussing potential impacts of the device on both health and lifestyle with parents and children, and reviewing ways to reduce the physical impact of the device on the home environment to maximize support and empowerment of families when transitioning to home use of MI-E. 
